The white blood cell (WBC) count is a simple and convenient marker of inflammation for use in medical practice; however, its association with nonalcoholic fatty liver disease (NAFLD) has not been determined. We examined the relationship between WBC and NAFLD to provide a convenient and useful marker for the prediction of NAFLD.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a clinicopathological condition that ranges from simple steatosis to steatohepatitis, fibrosis or cirrhosis of the liver. 1 It is a very common liver disease in Europe 2 and the USA, 3 affecting more than 30% of the general population. 4 5 The prevalence of NAFLD is also rising rapidly in Asia and China 6 7 because of economic development and changes in lifestyle, having increased in China from less than 10% of the general population in China in the 1990s to approximately 20% in 2013. 8 Studies have shown that NAFLD can progress to more severe liver diseases, such as hepatocellular carcinoma and liver failure, 9 10 thus increasing liver-related mortality and morbidity in the population. 11 Furthermore, it is associated with metabolic diseases 12 and significantly increases the risk of cardiovascular disease (CVD) 13 and type 2 diabetes.
14 NAFLD has become one of the most important public health problems worldwide. 15 Various inflammatory markers, including C-reactive protein (CRP), 16 interleukin-6 (IL-6), [17] [18] [19] tumour necrosis factor-α (TNF-α) 20 Strengths and limitations of this study ▪ This was a longitudinal rather than a crosssectional study of a cohort selected from a large health check-up programme in a Chinese population and followed up from 2005 to 2011. ▪ An association between white blood cell (WBC) count and non-alcoholic fatty liver disease (NAFLD) was confirmed: WBC count can be regarded as an independent predictor of NAFLD. ▪ This finding cannot be easily extended to the general population, since the subjects were selected from a routine health check-up programme. ▪ Ultrasonography is inadequate for diagnosing NAFLD, and is less accurate than the gold standard biopsy. ▪ The severity of the NAFLD was not clearly defined in the health check-up data.
and serum IgA level, 21 have also been associated with NAFLD. However, to date, only one cross-sectional study with Korean adults has shown a significant association between white blood cell (WBC) count and NAFLD, 22 and it is difficult to determine the temporal relationship between an elevated WBC count and the incidence of NAFLD. Cohort studies should be conducted to confirm the temporal relationship between WBC level and incident NAFLD. Moreover, the WBC count is a simple, readily available and inexpensive marker of inflammation for use in medical practice, and has become an important predictor of infectious diseases and of CVD, diabetes 23 and metabolic syndrome (MS). 24 We therefore conducted a large-scale health assessment-based longitudinal cohort study in an urban Han Chinese population to determine the relationship between WBC count and NAFLD. The findings from such a study may indicate a convenient and useful marker for the further risk appraisal of NAFLD.
MATERIALS AND METHODS Study population and cohort design
The subjects in our longitudinal cohort were selected from a routine health check-up system based in the Center for Health Management of Shandong Provincial QianFoShan Hospital and Shandong Provincial Hospital. A total of 21 307 male and female participants without NAFLD who visited the health check-up system at least twice between 2005 and 2011 were included. Questions about alcohol intake included the type of alcohol consumed, the frequency of alcohol consumption per week and the usual amount per day (≥20 g/ day). Alcohol intake was further coded as an ordered categorical variable as follows: 0, never; 1, seldom; 2, often, wine; 3, often, beer; 4, often, Chinese spirits; and 5, often, mixed/all types. Persons with a value above 1 were considered regular alcohol users. Subjects with regular alcohol intake (n=4774) were excluded as were 538 subjects with a positive serological marker for hepatitis B surface antigen (HBsAg), hepatitis C virus antibody (HCVAb) or a history of chronic liver disease. Additionally, subjects with WBC counts <4.00 or >10.00 cells 10 9 /L were excluded to eliminate any patients with severe infection. Because some participants may have met more than one exclusion criterion, the total number of participants who were eligible for this study was 15 201. This study was approved by the Ethics Committee of the School of Public Health, Shandong University. Written informed consent was obtained from all participants.
Investigation and measurements
During baseline investigations and follow-up, trained interviewers administered a standardised questionnaire to obtain information on age, sex, smoking status and regular exercise. After an overnight fast of at least 12 hours, all subjects underwent a standardised medical examination that included routine anthropometric, clinical and laboratory tests. The anthropometric measurements involved height, weight and blood pressure (BP). Two BP values were taken 5-15 min apart on the right arm by trained examiners. Height and weight were measured after the participants had removed their shoes, heavy clothing and belts. Body mass index (BMI) was calculated as weight (kg)/height 2 (m) and was used as an estimate of obesity. Laboratory tests included triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), serum total protein (TP), albumin (ALB) and globin (GLO). All participants also underwent abdominal B-mode ultrasonography.
Definitions of NAFLD, hypertension and hyperglycaemia
In accordance with the revised definition and treatment guidelines for NAFLD issued by the Chinese Hepatology Association in February 2006, 25 NAFLD was diagnosed by abdominal ultrasonography that revealed a bright liver and a diffusely echogenic change in the liver parenchyma. Participants diagnosed with alcoholic fatty liver disease, infectious viral hepatitis (HBsAg or HCVAb positive) and other causes of steatosis were excluded. The presence of hypertension was defined as SBP ≥140 mm Hg and diastolic BP (DBP) ≥90 mm Hg, or had SBP ≥140 mm Hg or diastolic BP (DBP) ≥90 mm Hg or a previous diagnosis. The presence of hyperglycaemia was defined as fasting plasma glucose (FPG) ≥6.1 mmol/L or 2-hour post-prandial glucose (PG) ≥7.8 mmol/L or a previous diagnosis.
Statistical analysis
Multiple imputations were performed to account for missing values. Because the imputation method depends on the patterns of the missing data and the types of the imputed variables, without loss of generality, the Markov chain Monte Carlo (MCMC) method provided by the MI procedure of SAS was used. 26 Most variables had less than 2% missing observations before imputation, except for smoking and physical activity which had less than 10% missing values.
Descriptive statistics were generated for all baseline characteristics according to gender and incident NAFLD or no incident NAFLD. Continuous variables were expressed as the mean and SD (mean±SD), or median (quartile range) based on whether their distribution was normal or skewed as judged by histogram. A two-sample t-test and Wilcoxon rank sum test were used to determine the group difference. Categorical variables were expressed as percentages, and χ 2 tests were used to determine the difference for categorical data. Additionally, WBC (cells 10 9 /L) were further categorised separately into quartiles: Q1: WBC <5.35, Q2: 5.35 ≤WBC <6.20, Q3: 6.20 ≤WBC <7.14, and Q4: WBC ≥7.14. The F test or Kruskal-Wallis test was used to compare differences between WBC quartiles. LSD tests were used for multiple comparisons of continuous variables, and the Bonferroni correction was used for multiple comparisons of categorical variables. Cox proportional hazards regression analysis was performed to estimate the HRs and 95% CIs of WBC, which predicted the occurrence of NAFLD. We constructed three Cox proportional hazards regression models by adjusting different confounding factors, including age, gender, smoking, regular exercise, BMI, hypertension, hyperglycaemia, TC, TG, HDL-C, LDL-C, ALB and GLO at baseline. SAS V.9.1.3 (SAS Institute, Cary, North Carolina, USA) and SPSS (V.20.0) were used to perform all statistical analyses.
RESULTS
A total of 15 201 subjects (7286 men and 7915 women) were included in this study. The baseline distributions of age, WBC, BMI, SBP, DBP, FPG, TC, TG, HDL-C, LDL-C, TP, ALB and GLO by gender; the prevalence of hypertension, hyperglycaemia, smoking and regular exercise; and comparisons between males and females are summarised in table 1. The mean age was 45.49±16.49 years in males and 40.60±13.00 years in females. All other variables except TC were significantly different between males and females ( p<0.05).
The baseline characteristics of the subjects according to WBC quartile are shown in table 2. The mean values of age, BMI, SBP, DBP, FPG, TC, TG, LDL-C, TP and GLO and the prevalence of hypertension, hyperglycaemia and smoking were highest in the fourth WBC quartile, in contrast to HDL-cholesterol which was lowest in the fourth WBC quartile. Significant differences were found for the other characteristics except for regular exercise and ALB among the different WBC quartiles ( p<0.05). Significant differences were found between various WBC quartiles for BMI, SBP, DBP, FPG, TG, HDL-C, LDL-C, TP, GLO and hypertension ( p<0.05). Significant differences for age and TC were found between Q1 and Q3 or Q4, and between Q2 and Q4. Significant differences for hyperglycaemia and smoking were found between Q1 and Q2, Q3 or Q4, and between Q2 and Q4. Table 3 shows the baseline distributions of age, WBC, BMI, SBP, DBP, FPG, TC, TG, HDL-C, LDL-C, TP, ALB and GLO and the prevalence of males, hypertension, hyperglycaemia, smoking and regular exercise according to NAFLD status during follow-up. All variables were significantly different between incident NAFLD and non-NAFLD groups, and the averages of the other characteristics in the NAFLD group (except HDL-C and ALB) were significantly higher than those in the non-NAFLD group ( p<0.05). Online supplementary table S1 shows the baseline characteristics according to NAFLD status and are grouped by gender. Table 4 shows the HRs (95% CIs) of WBC as the independent variable in different Cox proportional hazards models. In the unadjusted model, compared with the lowest WBC quartile (Q1), the HRs and 95% CIs of the other WBC quartiles (Q2, Q3 and Q4) in the NAFLD group were 1.310 (1.180 to 1.454), 1.511 (1.365 to 1.673) and 1.654 (1.497 to 1.828), respectively. In the first model, after adjusting for age and gender, compared with the lowest WBC quartile (Q1), the HRs and 95% CIs of the other WBC quartiles (Q2, Q3 and Q4) in the NAFLD group were 1.241 (1.118 to 1.378), 1.427 (1.289 to 1.580) and 1.507 (1.363 to 1.666), respectively, and age and gender were significant variables. In the second model, after adjusting for age, gender, smoking and regular exercise, compared with the lowest WBC 27 has explored the association between haematological parameters and NAFLD. Our health check-up data showed that apart from WBC, that red blood cell count, haemoglobin, mean corpuscular volume, mean corpuscular haemoglobin concentration, red cell distribution width-SD (RDW-SD), neutrophil count and platelet count are also significantly associated with NAFLD (see online supplementary table S2).
DISCUSSION
The effects of NAFLD were not limited to the liver but damaged various body systems; the extrahepatic damage was serious and increased the risk of CVD and diabetes. 28 Consequently, it is very important to predict NAFLD and determine its risk factors. Some studies have reported that age is associated with NAFLD prevalence and that prevalence increases with age, 29 30 as also seen in our study. The results in our study also show that NAFLD incidence is higher in males than in females (table 3) , which was similar to previous studies. [31] [32] [33] Lifestyle factors 34 35 associated with NAFLD included smoking and physical activity. The baseline rate of regular exercise in the NAFLD group was significantly higher than that in the non-NAFLD group ( p<0.001). This counter-intuitive finding may be partly due to the fact that other potential confounding factors (age, gender, BMI, hypertension, TG, HDL-C, LDL-C, GLO and smoking) were not adjusted for. However, the subsequent multivariate analysis showed regular exercise is indeed a protective factor against NAFLD. Additionally, and more importantly, a relationship between NAFLD and MS has been proposed in many studies which revealed that components of MS such as obesity, hypertension, dyslipidaemia and hyperglycaemia were independently associated with NAFLD. 7 36 37 The results in our study also demonstrated that MS components were significantly different between individuals in the NAFLD and non-NAFLD groups (table 3), suggesting that NAFLD may be the liver manifestation of MS. 38 39 Therefore, we explored the relationship between WBC and NAFLD after adjusting for age, gender, lifestyle factors and MS components.
To our knowledge, only one cross-sectional study with Korean adults has shown a significant association between WBC count and NAFLD, 22 which is consistent with our findings. Compared with the prospective cohort study, cross-sectional studies could not confirm the temporal association between WBC level and 6.20 ≤WBC <7.14; Q4: WBC ≥7.14 cells×10 9 /L. ALB, albumin; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GLO, globin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; TP, serum total protein; WBC, white blood cell count.
incident NAFLD. The results of cross-sectional studies can only provide markers for disease screening, not for disease prediction. WBC levels may not be a predictive factor for NAFLD unless confirmed in a cohort study.
In this cohort study, we confirmed a relationship between WBC count and NAFLD incidence in urban Han Chinese (table 4) , even if WBC changes were within the normal range. The relationship between WBC count and NAFLD remained valid after adjusting for other relevant factors including age, gender, smoking, regular exercise, BMI, hypertension, hyperglycaemia, TC, TG, HDL-C, LDL-C, ALB and GLO. The results prove that an elevated WBC level is related to NAFLD incidence, a finding which provides novel and powerful evidence for a significant relationship between WBC level and NAFLD. Thus, WBC count may be used as an independent predictor of NAFLD and is expected to improve prediction power when combined with other risk factors such as age, gender, BMI and hypertension status. The importance of WBC in subjects with only NAFLD may be different from that in those with NAFLD, cirrhosis and non-alcoholic steatohepatitis (NASH). Further study is required to elucidate these relationships. Moreover, some liver function test markers such as alanine aminotransferase (ALT), aspartate aminotransferase (AST) and γ-glutamyl transferase (GGT) should be explored in further study.
This study suggests that inflammation plays an important role in the occurrence of NAFLD. Specifically, hepatic steatosis was the result of systemic inflammation, which is consistent with previous research. Many earlier studies have shown a significant association between CRP and NAFLD in Chilean Hispanic subjects, 40 Asian Indians in North India, 41 and Japanese 42 and Korean individuals. 43 These studies reported that elevated CRP was independently associated with the presence of NAFLD. Additionally, it was reported that serum TNF-α, IL-6 and interleukin-8 (IL-8) levels were higher in people with NAFLD than in normal subjects, 44 45 indicating that these inflammatory factors are associated with the development of NAFLD. However, WBC is more suitable than inflammatory factors because it is a simple, readily available and inexpensive marker of inflammation for use in medical practice. There are two potential mechanisms for WBC participation in the onset of NAFLD. 46 The first is insulin resistance which is the key factor associated with NAFLD. Insulin resistance causes TG synthesis and transport function disorders, and is a key mechanism in the development of MS. Indeed, NAFLD may be the liver manifestation of MS, 9 39 47 as a relationship between WBC count and MS components has been documented in previous studies. 48 49 This study showed significant changes in the components of MS with increasing WBC quartiles (table 2), suggesting insulin resistance may link WBC count and NAFLD. The second is the fact that hepatocytes with too much lipid are vulnerable to injurious processes such as cytokines and oxidative stress, which lead to inflammation and liver fibrosis. 50 51 WBC count was frequently used to assess inflammatory status, 52 and so was associated with NAFLD. Our study has several limitations. First, generalisability to the general population is unclear as the subjects in this study were recruited from a routine health check-up programme in an urban Han Chinese population in Shandong province. Consequently, further studies should be conducted to verify the relationship between WBC level and NAFLD in the general population. Second, the presence of NAFLD was assessed by experienced radiologists using abdominal ultrasonography, but we have no information on the intra-or inter-observer reliability of ultrasonographic examination. The diagnosis of NAFLD was not subjected to any semiquantitative indices. 53 54 Ultrasonography is a well-established and cost-effective imaging technique for the diagnosis of hepatic steatosis, and is especially valuable for screening a large population at risk of NAFLD given that it is impossible to obtain the gold standard biopsy for large samples. 55 Moreover, the severity of NAFLD is not stated clearly in the health check-up data so our results cannot be linked to NAFLD stage.
